Summary Spathoglottis plicata Blume, a terrestrial orchid having prolonged inflorescence with beautiful lilac (pinkish purple) coloured flowers, is commercially important. Treatment of its seeds with sodium azide induced strikingly attractive flower colour modification exploiting seed culture protocols. Vacin and Went (VW) (1949) medium stimulated seed germination and after supplementation with ripe banana extract yielded maximum germination frequency in all cases; it was followed with ripe tomato extract and yogurt water (semi-solid liquor from fermented milk) in untreated and post-treated seeds respectively. The magnitude, however, reduced in treated seeds. Germination initiated usually on the 20th day of inoculation, while addition of yogurt water induced earlier germination by 9 days in the treated and 7 days in untreated samples. Repeatedly subcultured 60 days old plantlets were gradually acclimatized growing inside a hardening chamber and subsequently in a glass house. A treated plant with deep green leaves showed conspicuous variation from the mother strain by its charming milk-white flower colour and green floral bracts in contrast to lilac coloured flower and floral bracts in the latter. VM 2 progeny retained the mutant phenotype and genetic uniqueness as indicated by specific PAGE protein banding profile. The mutant having completely different flower colour modification with milky whiteness possesses special floricultural significance and may, therefore, be treated as a new horticultural variety.
Spathoglottis plicata Blume, belonging to the family Orchidaceae is an economically important terrestrial orchid. Its indefinitely growing prolonged attractive inflorescence bearing beautiful lilac (pinkish purple) coloured shiny flowers provided with special commercial significance. This ground orchid growing directly in garden or pot soil and flowering throughout the year is advantageous to other orchids, but propagation is rather slow due to vegetative growth. Flower colour variation in S. plicata may be of more floricultural importance, but chances of such variation are remote as the seeds formed due to infrequent fruit setting fail to germinate in vivo without mycorrhizal association (Bernard 1899) giving no scope of genetic modification through recombination by means of seed propagation. Variation may, however, be generated in vitro exploiting seed culture techniques. By induction of mutation variation may be enhanced and, thus, chances of occurrence of desirable genetic modification cannot be ruled out. With these perspectives, endeavour was made to explore the possibility of induction of desirable variation in S. plicata by the treatment of its seeds with the chemical mutagen, sodium azide adopting the protocols of seed culture. The consequence of this investigation has been elaborated precisely in the present text.
Materials and methods
Healthy plants of S. plicata Blume characterized with lilac coloured flower were collected from local nursery for the present investigation. Seeds obtained from the matured green pods were treated with 1, 2, 3 and 4% solution of the mutagenic agent, sodium azide for 1 h, 2 h, 3 h and 4 h durations. An identical set of experiment was maintained with a sample of untreated seeds. Both the treated and untreated seeds were washed initially with 3% aqueous solution of Teepol (liquid detergent). Then after washing several times in running tap water they were dipped in 0.2% mercuric chloride solution. Washing repeatedly in sterilized water the seeds were transferred to 70% alcohol and was followed by thorough washing in sterilized water. Finally soaking dry with blotting paper the seeds were inoculated in Vacin and Went (VW) (1949) nutrient medium. VW medium without supplemented with any additive represented the control medium, while extracts of different natural adjuncts such as 0.2% ripe banana, 0.2% ripe tomato and 0.4% yogurt water were tested as additives separately to enrich the nutrient medium for seed germination. The seeds inoculated to the fortified medium in culture tubes were maintained at 25Ϯ2°C providing light intensity of 1500 to 2000 lux and 60-70% humidity. The germinated seedlings with leaves and roots attaining an age of 60 days after several subculturing were transferred to plastic cups containing cocopeatϩcharcoalϩsandy soil mixture inside a hardening chamber. After a fortnight they were gradually exposed to natural climatic condition keeping 6-7 h outside the humidity chamber everyday for the next 15 days and washed regularly by spraying water at this stage. The young plants were then removed to earthen pots containing a mixture of brick pieces, sand and soil. With more elaborate root development at an age of 1 year the hardened plants were transferred to natural soil condition inside the glass house.
Morphological characters were studied both in the treated and untreated plants at different stages of development. Variation in chlorophyll content was estimated from deep green young leaves of the treated plants following the technique of Arnon (1949) .
An identical set of experiment was performed using the untreated mother strain. Leaf protein banding profiles were analyzed using young leaves of the white flowered mutant and lilac flowered mother strain by Polyacrylamide Gel Electrophoretic studies. VM 2 progeny of the white flowered mutant was raised by vegetative propagation and the mother strain was also maintained simultaneously.
Results
Among the different concentrations of sodium azide used for induction of mutation in S. plicata Blume seed germination was totally absent in the treatments with 3% and 4% solution of the mutagen and only a few seeds germinated in the sample treated with 2% solution died at seedling stage, while treatment with 1% sodium azide yielded 25-30% seed germination without any seedling mortality.
In the control VW medium, frequency of germination in the treated and untreated seeds varied between 25-30% and 40-50% respectively, while the rate of germination enhanced in the medium enriched with the natural adjuncts, such as ripe banana extract, ripe tomato extract and yogurt water both in the treated and untreated samples. Increase in the germination frequency was highest in the untreated seeds following supplementation of the medium with ripe banana and was followed by ripe tomato extract; in the treated samples on the other hand, frequency of germination was highest in the nutrient medium fortified with ripe banana followed by yogurt water (Table 1) .
Whether treated or untreated, seed germination was found to be initiated on the 20th day of inoculation and completed within 3-4 days in the control as well as in the fortified medium with ripe banana or ripe tomato extract, while due to supplementation of the medium with yogurt water it took only 13 days in the untreated and 11 days in case of treated seeds for initiation of germination. Following inoculation the seeds gradually swelled up to germinate and with the initiation of germination the swollen seeds assumed round greenish structures (Fig. 1) , which became modified into protocorm-like body (plb) within 10 days of germination. Emergence of a pair of leaves from the 3 Isolation of a White Flowered Mutant through Seed Culture in Spathoglottis plicata Blume Figs. 1-8. 1-3. Plantlets obtained through seed culture in S. plicata. 1) Growing seedlings. 2) Two months old plantlets. 3) 14 months old hardened plant. 4-7. Flower colour variations in mutant and mother strain. 4) Green coloured floral bract in mutant. 5) Lilac coloured floral bract in mother plant. 6-7) Contrasting flower colour variation in mutant and mother plant. 8. Variation in protein banding pattern in mutant and mother.
plb was noticed within 30-35 days and a small root like structure was visible at the base of the plb within next 40-45 days. Gradually the plb elongated and the second pair of leaves emerged inwardly close to the first pair. The other leaves appeared in subsequent stages (Fig. 2) . Formation of some more roots was also encountered within 2 months. Then after transferring to hardening chamber the rooted plantlets grew slowly and were adapted to natural condition gradually by developing elaborate root system (Fig. 3) . Among the 500 plantlets allowed to grow in the hardening chamber 45 plantlets could be raised from the untreated samples, while out of the 110 treated plantlets 13 survived after hardening. Apparently there was no visible difference in morphological characters between the treated and untreated plants before flowering except comparatively deep green leaves in three plants of the treated sample. Chlorophyll content was also found to be higher in the leaves of these plants than in those of the others ( Table 2) . One of these three plants showed beautiful flower colour modification with contrasting milky whiteness from the normal lilac colour of flower in the mother strain. Both in the treated and untreated plants initiation of flower bud occurred attaining an age of two years. Conspicuous absence of lilac colouration in the different floral parts was the unique feature of this colour variant. The first detectable colour modification encountered in the floral parts of the emerging flower bud in the treated plant was green pigmentation on the outer surface of the bract in place of lilac colouration in the mother strain . In contrast to the characteristic lilac coloured flower with 3 petaloid sepals and 3 sepaloid petals in the mother strain the colour variant was distinguished by beautiful milk-white flowers (Figs. 6-7) . The petaloid sepals were larger with more pointed tip in the colour variant. Presence of a green tinge on the outer surface of the tip of all the petaloid sepals and sepaloid petals also distinguished the colour variant from the mother strain having deep lilac pigmentation on the same position. Besides sharp modification in pigmentation, the induced white flowered mutant showed distinct variation from the lilac coloured mother strain in leaf protein banding pattern (Fig. 8) . Polyacrylamide gel electrophoretic studies revealed the presence of a total number of 19 bands in the mother strain and as many as 18 bands in the induced mutant (Fig. 9 ), but certain bands were found to be specific for each of them. Presence of 7 bands was unique for the mother strain; on the contrary, the 6 specific bands recognized in the white flowered mutant were conspicuously absent in the former (Table 3) . The phenotypic characteristics of the mutant remained unchanged in the VM 2 progeny raised through vegetative propagation. 
Discussion
Present investigation has revealed that VW medium is quite responsive to germination of seeds in S. plicata Blume. Use of natural adjuncts (ripe banana, ripe tomato and yogurt water) to the medium accelerated the rate of germination both in the treated and untreated seeds. Besides these additives, increased frequency of seed germination in S. plicata has been reported earlier following enrichment of VW medium with other natural adjuncts such as extract of Amaranthus viridis and sugarcane separately or in combination (Roy and Biswas 2001) . Enhancement in the rate of seed germination due to supplementation of nutrient medium with different types of additives has also been mentioned in several other orchid species (Arditti 1967 , Goh 1975 , Goh 1977 , Charanasri and Wanichkul 1978 , Uesato 1987 , Brown et al. 1982 , Roy and Banerjee 2002 .
The most effective role of ripe banana extract, in the present investigation, has been evidenced by the occurrence of maximum frequency of seed germination due to enrichment with this additive. This might be due to presence of galacturonic acid in ripe banana as suggested by Bateman et al (1976) . Both treated and untreated seeds required 20 days for initiation of germination in the control as well as in the enriched medium with ripe banana or tomato extract; on the contrary, supplementation with yogurt water reduced this time span conspicuously by 7 days in the untreated and 9 days in case of treated seeds. Such advancement in the date of initiation of seed germination in the fortified medium indicated stimulating effect of yogurt water. Earlier initiation of germination by two more days in case of treated seeds might have occurred as an outcome of synergistic effect due to mutagenic action of sodium azide and stimulating effect of yogurt water.
Conspicuous absence of lilac pigment from the different floral parts was the unique feature in one of the post-treated M 1 plants, in which the outer surface of the bract was green and all the sepaloid petals as well as petaloid sepals were uniformly milky white in contrast to lilac colour in the mother strain.
Milk-white flower colour in the variant showing contrasting modification from the lilac colour of flower in all other treated plants as well as mother strain might appear due to induction of mutation by seed treatment with sodium azide. The genetic stability of the mutant has also been manifested during subsequent VM 2 generation. Distinct variation in leaf protein banding pattern in the white flowered mutant and in the lilac coloured mother strain as revealed through PAGE analysis identified the white flowered mutant with unique characteristic protein profiles. Variation in seed protein occurs in genetically different plant types, and different alleles of the genes regulating the protein are responsible for this (Allard et al. 1968) . Electrophoretic variation in protein banding pat- 
